Background
Efficacy of combination antiretroviral therapy (cART) has substantially decreased morbidity and mortality rates in patients infected with human immunodeficiency virus (HIV) (1) (2) (3) . Chronic HCV infection has become a leading cause of non-AIDS related morbidity and mortality in patients with HIV infection. Several studies have shown that progression of liver disease is accelerated in patients with HIV-HCV coinfection (4) . Furthermore, potential hepatotoxicity of cART has been reported in both patients with HIV monoinfection and those with hepatitis coinfection (5) . Particularly, NRTIs and especially didanosine (ddI) and stavudine (d4T) can directly induce mitochondrial toxicity leading to abnormal liver function (6, 7) . NNRTIs such as nevirapine (NVP) and efavirenz (EFV) can cause hypersensitivity (8, 9) . Other mechanisms of liver injury include cellular stress and alterations in lipid and glucose metabolism and steatosis, as with the PIs (10) .
The gold standard for evaluating liver fibrosis (LF) is biopsy (11) . However, it is an invasive procedure, not always well accepted by patients and not without complications (12, 13) . Nowadays, LF can be easily assessed by transient elastometry (TE, Fibroscan), an innovative noninvasive procedure (14) .
Objectives
This cross-sectional study was aimed to identify factors associated with LF in patients with HIV monoinfection and HIV-HCV coinfection.
Patients and Methods

Patients
A total of 354 patients followed at the Infectious Diseases Outpatients Clinic of the University Hospital Umberto I ° -Lancisi-Salesi of Ancona, Italy, were included in the study (October 2009 -December 2012). We included patients older than 18 years with HIV, HIV-HCV and HCV infections. LF was assessed by TE using Fibroscan (Echo-Sens, Paris, France). In this study, we used TE cut-off described by Cas-tera et al. as F0-F1 for values between 2.5 kPa and 7.0 kPa, F > 2 for values ≥ 7.1 Kpa, F > 3 for values ≥ 9.5 kPa and F = 4 for values ≥ 12.5 kPa (the maximum cut off values for F2, F3 and F4 were respectively 9.49, 12.49 and 75 Kpa) (15) . Pregnant women, patients with HBV-coinfection or other noninfectious liver diseases, patients with ascites and those received anti-HCV therapy were excluded. Additionally, patients with cART adherence < 75%, estimated using a medication adherence questionnaire adopted routinely in our clinic, were also excluded since possible antiretroviral effects on LF would not be trustworthy (16) . At the time of TE measurement, clinical and analytical data of each patient were collected. Ethanol consumption of more than 50 grams daily was considered as alcohol abuse. Past and present cART were registered, including either the type of cART, total time on cART, total time on each antiretroviral drug class (i.e. NRTIs, NNRTIs, PIs and etc.) and total time on each single drug exposure. Lipodystrophy diagnosis was based on body fat changes and classified according to the Lipodystrophy Severity Grading Scale (LSGS) (17, 18) . Informed consent was obtained from each patient included in the study.
Statistical Analysis
Continuous variables were expressed as medians and first and third quartiles and compared by using the Wilcoxon-Mann-Whitney test (comparison between the two groups) or the Kruskal-Wallis test (comparison among the three groups). Categorical variables were expressed as absolute frequencies and percentages and were compared using Chi-Square test. A multiple logistic regression analysis was performed to evaluate the effects of HCV coinfection on LF, expressed as F > 2 and considering F0-F1 as reference category. Age, gender, HIV infection length, CDC stage, current HIV load, Zenith HIV load, cART, BMI, current HCV load, aspartate aminotransferase (AST), alanine aminotransferase (ALT), gamma glutamyl transpeptidase (GGT) and lipid profile were introduced in the model as covariates. The Benjamini-Hochberg procedure was applied to correct multiple comparison effects of drugs. ODDS Ratios (Ors) were estimated by means of 95% confidence intervals. All analyses were performed using R package and the statistical significance was assessed using a probability of error of 0.05. Table 1 describes demographic, clinical and biochemical characteristics of the participants. There were 98 HIV, 70 HIV-HCV, and 186 HCV infected patients. No significant differences were found regarding age, gender and BMI distribution. Intravenous drug use (IDUs) was significantly more frequent among HIV-HCV compared to the other groups, while sexual transmission (either homosexual or heterosexual) was significantly more frequent in HIV compared to HIV-HCV or HCV. Parenteral transmission other than IDU (i.e. blood transfusion, occult parenteral transmission) was significantly more frequent in HCV. Patients with HCV (either mono-or coinfection) had higher transaminases and lower PLT counts than HIV. GGT was significantly higher in HIV-HCV compared to both monoinfected patients. Finally, the highest values of total cholesterol, LDL-cholesterol and triglycerides were found in HIV.
Results
HIV Infection Characteristics
Compared to HIV, patients with coinfection had a significantly longer history of documented HIV infection, they were receiving cART therapy for a longer period and they had higher prevalence of lipodystrophy. Zenith HIV RNA was significantly higher in HIV than HIV-HCV. CDC stage A was more frequent in HIV, while CDC stage B was more frequent in patients with coinfection. CD4 counts (either nadir or current counts) were similar in both populations. Similarly, percentages of patients receiving cART and patients with undetectable HIV load were similar in both populations.
HCV Infection Characteristics
Genotype 1 was the most frequent represented HCV genotype, followed by genotype 3. Genotype 2 was significantly more frequent among HCV, while genotype 4 was more frequent among HIV-HCV. Patients with coinfection had a longer duration of documented HCV infection and higher HCV load. Table 2 summarizes the evaluation of LF in the three groups of patients. HIV showed significantly lower TE values than the other two groups. In total, 13.3%, 39.2% and 51.4% of HIV, HCV and HIV-HCV groups showed a LF ≥ F2, respectively. Additionally, severe LF (F = 4) was significantly more frequent among HIV-HCV compared to other groups. Table 3 shows the association between exposure to a single drug or cART regimens (expressed either as percentages of subjects exposed to a single drug/regimen or as length of exposure) and the presence of LF in total HIV population (patients with HIV monoinfection and HIV-HCV coinfection). Exposure to ddI, d4T, LPV/r and FPV was significantly more frequent in patients with LF F ≥ 2. Furthermore, those patients showing a LF F ≥ 2 were exposed to ddI, d4T, LPV/r and FPV for a significantly longer period than those showing LF F0-F1. Finally, prolonged exposure to cART regimens including PIs was associated with LF F ≥ 2. However, ddI and d4T were significantly more used in HIV-HCV patients than those with HIV infection (p ranging from < 0.0001 to 0.01). Therefore, only LPV/r and FPV similarly used in both populations, remained more closely associated with an increased risk of LF ≥ 2.
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Discussion
The aim of this study was to evaluate LF degree in three types of population: HIV, HIV-HCV, and HCV patients by TE. It has been already reported that TE is an effective technique to diagnose advanced LF/cirrhosis; also may be useful in discriminating patients with mild and no fibrosis (16) . The correlation between LF assessed by TE and histology has been shown to be quite good in patients with chronic HCV infection, regardless of HIV disease (17, 19, 20) . Additionally, this technique proved to be very appropriate to identify early liver damage in patients with HIV monoinfection (7) .
In our study, variables significantly associated with LF in patients with HIV were HCV coinfection, older age and AST. It has been demonstrated that HIV coinfection determines the progression of HCV LF (4 (4, 21) . Besides, we found that most of patients with coinfection had LF ≤ F2 (67.6%), as most of the HCV subjects (76.9%). It has been reported that patients with HIV-HCV coinfection receiving effective cART are characterized by slower LF progression (22, 23) . In total, 97% of our patients with coinfection were receiving cART for a long time (a median of 145 months) and 74% had undetectable viral load and a good immunological control (median CD4/mmc of 547). Notably, 13.3% of our HIV population showed a LF ≥ F2. Literature data reported that LF ≥ F2 investigated by TE found between 1% to 14% of patients with HIV infection receiving cART (7, 24) .
Older age has been repeatedly associated with advanced fibrosis either in HIV and HCV monoinfected or HIV-HCV coinfected patients (19, 21, 25) . This finding confirmed in our study can be related to a longer history of infection.
Longitudinal studies conducted in patients with HIV-HCV coinfection and HCV monoinfection showed that higher transaminases values are correlated to either advanced LF or a more rapid fibrosis progression (26, 27) . Our study, although not longitudinal in nature, confirmed an association between high levels of transaminases and LF in HCV population (patients with either mono or coinfection); furthermore, AST value was significantly associated with LF in patients with HIV monoinfection using logistic regression analysis. Liver toxicity has been mainly reported in HCV and/ or HBV coinfected patients treated with cART (28) (29) (30) (31) (32) . Although we did not find any association between specific drug/time of exposure and advanced LF by logistic regression analysis, we observed that previous and long-term exposure to ddI, d4T, FPV and LPV/r were associated with LF F ≥ 2 in univariate analysis. Our data is in agreement with what previously reported by some others. In general, the effect of ddI on LF was evidenced either in patients with HIV monoinfection or HIV-HCV coinfection. A recent study by Suárez-Zarracina et al. showed that the use of ddI in patients with HIV monoinfection and HIV-HCV coinfection was independently associated with increased LF (25). Merchante et al. studied a population with HIV monoinfection and found that long-term exposure to ddI was a major cause of liver damage (7) . It has been postulated that dideoxynucleotides induce steatohepatitis via mtDNA depletion (10, 24, 33, 34) . Additionally, ddI might cause liver injury by endothelial damage in the portal tract predisposing to a noncirrhotic portal hypertension and nodular regenerative hyperplasia (35) . Furthermore, Maida et al. reported that removal of ddI from cART regimens of patients with HIV showing unexplained liver disease, improved clinical and biochemical parameters of liver function (36) . It is difficult to explain the reason why in our cases the effect of ddI was lost by logistic regression analysis. PIs are characterized by a low hepatotoxicity and generally represent the preferred drugs to treat HIV patients with liver disease (10) . Therefore, the association of LPV/FPVand LF in our series of patients might represent a bias, because PIs are generally administered to coinfected patients with advanced LF.
In conclusion, HCV coinfection, older age and AST were associated with increased LF in patients with HIV infection. Of note, we demonstrated that HIV monoinfected patient with advanced LF is not a rare event. This fact suggests the use of TE, along with biochemical markers, for liver damage monitoring in not only chronic HCV infection but also HIV monoinfection. Although liver stiffness has good correlation with LF on liver biopsy, the major drawback of this study was lack of liver biopsy on studied population. Further studies are warranted to elucidate this finding.
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